Abstract 1-Substituted 4,4,5,5-tetraethoxy-2-pentyn-1-ols undergo stereospecific reduction to allylic and homoallylic alcohols under the right conditions. Hydrogenation over Lindlar's catalyst gave the corresponding (Z)-allylic alcohols in excellent yield provided potassium carbonate was added. Reduction was also achieved with lithium aluminum hydride, but the product appeared to be solvent and temperature dependent. In THF at -15 o C the corresponding (E)-allylic alcohols were formed, in better than 70% yield from secondary propargylic alcohols, but below 60% from tertiary ones; in refluxing diethyl ether the products were the corresponding 1-substituted derivatives of homoallylic alcohol (E)-4,5,5-triethoxypent-3-en-1-ol, obtained in 93% yield in the best case.
Introduction
Recently we reported a high-yield synthesis of 3,3,4,4-tetraethoxybut-1-yne (1), denoted TEB. [1] [2] [3] In spite of the compound's polar and bulky 1,1,2,2-tetraethoxyethyl group (TEE) the corresponding propargylic alcohols (2) are obtained when TEB acetylide is generated with base in the usual way and subsequently treated with an aldehyde or a ketone. Generally the alcohols are formed in good to excellent yields, but there are, as expected, 4-6 some exceptions (see experimental). Alcohols 2 are somewhat special due to the TEE moiety which is sterically demanding, has a large number of oxygen atoms that can engage in complex formation, and contains ethoxy groups that can act as a leaving group under the right reaction conditions. Consequently, it is quite conceivable that conversion of 2 to the corresponding (Z)-and (E)-allylic alcohols, by standard hydrogenation over Lindlar's catalyst and by treatment with lithium aluminum hydride, respectively, can be hampered by various effects caused by TEE. As reported here, that appeared indeed to be the case. 
Results and Discussion (Z)-Allylic alcohols
Although hydrogenation over Lindlar's catalyst is generally a good method for the transformation of propargylic alcohols to the corresponding (Z)-allylic alcohols, 7-9 the method has its limitations. If there are voluminous substituents close to the triple bond, the reaction rate may drop considerably and in some cases the conversion even fails completely. This is for instance the case with di-t-butylacetylene, which does not give the corresponding alkene at all when exposed to hydrogen under standard Lindlar conditions. 10 (If the catalyst is changed to Raney nickel, however, hydrogenation takes place, but the corresponding alkene, 2,2,5,5-tetramethylhex-3-ene, obtained in 49% yield, has the E and not the Z configuration.
10
) Furthermore, if other functional groups are present next to the carbon-carbon multiple bond, most notably hydroxyl groups, halogen atoms, and carbon-sulfur single bonds, hydrogenolysis may occur to such an extent that the method becomes unsuitable. 11, 12 On this basis it was quite reasonable to expect that propargylic alcohols 2, with the large TEE group on one side of the triple bond and a 1-hydroxyalkyl group on the other would react sluggishly, and indeed, initially that turned out to be the case. Thus, exploratory experiments with some of the alcohols under normal Lindlar conditions revealed that neither alkene formation nor hydrogenolysis occurred, not even when 4,4,5,5-tetraethoxypent-2-yn- 1-ol (2a) , with the least sterically hindered triple bond in the series, was exposed to hydrogen for more than a week. Variation of the temperature, the solvent (methanol, ethanol, hexane, acetone, and ethyl acetate), concentrations, and the stirring speed had no major impact on the outcome of the reaction, but when a small amount of potassium carbonate was added 12, 13 to a stirred suspension of the Lindlar catalyst in a solution of 2a in ethyl acetate, reduction of the triple bond took place, albeit at a slow rate, and furnished the corresponding allylic alcohol (Z)-4,4,5,5-tetraethoxypent-2-en- 1-ol ((Z)-3a) . No products due to hydrogenolysis were detected. 
Scheme 2
On the basis of these observations the way the hydrogen was added to the suspension was studied. When the gas was introduced into the flask through a glass tube just above the stirred suspension (method 1), days were required to achieve complete conversion even of the most reactive alcohols. However, when hydrogen was bubbled directly into the suspension just above the stirring bar (method 2), the reaction was much faster and even hindered propargylic alcohols gave the corresponding allylic alcohols.
Based on these findings eight propargylic alcohols were hydrogenated using the two methods outlined above (for details, see Experimental). The results, compiled in Table 1 , show that all the alcohols were converted to the corresponding (Z)-allylic alcohol in almost quantitative yield within a fairly short time (8 hours) when method 2 was applied. However, when hydrogenation was performed according to the less efficient method 1, reactivity differences became apparent. Thus, whereas 5,5,6,6-tetraethoxyhex-3-yn-2-ol (2b) was reduced quantitatively in 24 hours, the tertiary analogues (2g -2i) reacted more reluctantly and required up to three days of hydrogenation to achieve a good yield of the propargylic alcohol (Table 1) . Another interesting observation was that the only primary propargylic alcohol investigated, 4,4,5,5-tetraethoxypent-2-yn-1-ol (2a), deviated from this trend and turned out to require about the same reaction time as the secondary analogues.
The Z configuration of the allylic alcohols was substantiated by inspection of the vicinal coupling constant ( 3 J HH ) across the C=C bond in their 
The observation that 2 was not hydrogenated in the absence of potassium carbonate indicates that the reactivity is strongly influenced by the hydroxyl group's ability to engage in hydrogen bonding. In order to test this hypothesis 4,4,5,5-tetraethoxypent-2-yn-1-ol (2a) was converted to the corresponding acetate, 4,4,5,5-tetraethoxypent-2-ynyl acetate (4), which was exposed to hydrogen in the presence of Lindlar's catalyst, but in the absence of potassium carbonate (Scheme 3), i.e. conditions under which 2a does not react. To our satisfaction ester 4 was consumed relatively quickly (complete consumption after 15 h) and afforded (Z)-4,4,5,5-tetraethoxypent-2-enyl acetate ((Z)-5) in 95% yield, and this clearly indicates that our line of reasoning is correct. This conclusion was further supported by hydrogenation of a 1:1 mixture of 2a and 4 over Lindlar's catalyst in the presence of potassium carbonate. When the progress of the reaction was monitored by thin-layer chromatography, the acetate (4) appeared to react significantly faster than the alcohol, and furthermore, when 4 had been completely consumed and the reaction was quenched and worked up, the corresponding alkenes (Z)-3a and (Z)-5 were isolated in a 1:5 ratio (see Experimental). 
Scheme 5 (E)-Allylic alcohols
In order to convert 2 to the corresponding (E)-allylic alcohols 3 a standard procedure with literature precedence, viz. treatment with lithium aluminum hydride (LAH) in diethyl ether at room temperature, 15 was applied first. When 4,4,5,5-tetraethoxypent-2-yn-1-ol (1a) was reacted following this procedure, (E)-4,4,5,5-tetraethoxypent-2-en-1-ol ((E)-3a) was obtained, but in addition a significant amount of a by-product, homoallylic alcohol (E)-4,5,5-triethoxypent-3-en-1-ol (13a), was formed (Scheme 6). Studies of the literature revealed that formation of (E)-allylic alcohol has been favoured by lowering the reaction temperature, 16, 17 and sure enough, when 2a
was reacted with LAH at -15 o C, the yield of (E)-3a increased whereas the by-product formation dropped considerably. Even better results were obtained when the reaction at low temperature was repeated with THF as solvent; 16 under these conditions 2a gave (E)-3a only in almost quantitative yield (Table 3) . Five other propargylic alcohols were reduced with LAH under the same conditions and in all cases the corresponding (E)-allylic alcohol was the only major product obtained. The secondary alcohols ((E)-3b, (E)-3e, and (E)-3f) were obtained in good to excellent yields, whereas the tertiary analogs ((E)-3g and (E)-3h) were obtained in 54% only (Table 2) , conceivably reflecting the steric congestion around the hydroxyl group. 
Scheme 7
Despite numerous reports of allene formation from propargylic alcohols with a leaving group attached to C-4, 21 none of our experiments gave any indications of formation of such byproducts.
NMR and IR spectroscopic techniques were used extensively to detect signals due to the allene moiety, 22 but all attempts were unsuccessful.
Homoallylic alcohols
As reported above LAH reduction of 4,4,5,5-tetraethoxypent-2-yn-1-ol (2a) in diethyl ether at room temperature gave two products, mainly (E)-4,4,5,5-tetraethoxypent-2-en-1-ol ((E)-3a), but also some of homoallylic alcohol (E)-4,5,5-triethoxypent-3-en-1-ol ((E)-13a). The amount of the latter product decreased when the reaction temperature was lowered, and this, combined with the fact that (E)-13a formation is envisaged to go via allene intermediate 16 (Scheme 7) which reacts more effectively at elevated temperature, 20 triggered us to believe that homoallylic-alcohol formation could be rendered more favourable by running the LAH reduction in refluxing ether or at higher temperature in a different solvent. Small-scale experiments were performed with 2a to test this prediction, and to our satisfaction 13a turned out to be the only major product when the reduction was carried out in refluxing diethyl ether (bp 34 o C). Five propargylic alcohols were then reacted on a larger scale under the same conditions. All the compounds reacted similar to 2a; the reaction was over in less than 20 minutes, and as seen from Table 3 , the corresponding homoallylic alcohols were obtained in good to excellent yield after isolation by flash chromatography. A noteworthy feature of the transformation is its stereospecificity, which in all cases led to formation of one isomer only, the E stereoisomer. The E configuration was substantiated by NOESY experiments, which gave spectra with significant cross peaks between the methine proton in the diethoxymethyl moiety and the protons in the methylene group on the other side of the C=C bond, but no cross peaks between the same methine proton and the olefinic proton. A few words regarding the workup of the reaction mixtures are in place since the products contain acid-labile groups, i.e. an enol-ether moiety as well as an acetal function. If hydrolysis was carried out with an aqueous acid instead of water so that the hydrolysate remains acidic at the end, partial decomposition of the product takes place. Several products were detected, including dihydropyran 18 (Scheme 8), the formation of which is expected on the basis of the work of Newman.
9 Similar reactions took place when 13 was purified by column chromatography with certain types of silica gel as the stationary phase (conceivably due to variable density and nature of acidic sites). These transformations are currently under investigation. other chemicals and reagents, the syntheses of which are not described or referred to in this section, were commercially available from Aldrich and Fluka (now SigmaAldrich) and were, with the exception of some solvents, used without further purification. Ethanol, hexane, ethyl acetate, tetrahydrofuran (THF), and diethyl ether were dried and purified as described in the literature.
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Synthesis of propargylic alcohols. General procedures Method A. The reactions carried out with NaNH 2 generated in situ were performed following the procedure described by Furniss et al. 25 TEB (1.0 g, 4. 3 mmol) was reacted with sodium amide prepared from Na (0.20 g, 8. 7 mmol in all cases except one, the preparation of 2f) and NH 3 (50 mL), the resulting acetylide was treated with 5.2 mmol of aldehyde or ketone, and the reaction was quenched by adding NH 4 Cl (0.9 g, 0.17 mmol). The product was worked up by flash chromatography as specified for each alcohol. Method B. The reactions performed with commercially available butyllithium as base were carried out following a procedure published by Brandsma. 26 The amounts of the reactants and butyllithium are specified for each alcohol. Method C. The reactions with ethylmagnesium bromide as base were performed as follows: An ether solution of ethylmagnesium bromide (ca 1.2 equiv.) was added dropwise to a stirred solution of 3,3,4,4-tetraethoxybut-1-yne (TEB) (1.0 equiv.) in THF. When the addition was complete, the reaction mixture was stirred at reflux for 80 min and cooled to rt before aldehyde or ketone (ca 1.2 equiv.) was added dropwise. The resulting mixture was stirred at 35 o C for 3 h before it was cooled to rt and quenched by adding a saturated aqueous solution of NH 4 Cl (approximately 0.5 mL/mmol TEB). The mixture was extracted with dichloromethane (3 x 10 mL), and the combined organic phases were dried (MgSO 4 ), filtered, and concentrated in vacuo on a rotary evaporator. Finally, the product was isolated by flash chromatography. 8, 98.6, 88.9, 78.3, 64.8, 64.7, 59.4, 58.0, 23.8, 15.5, 15.2 8, 98.5, 88.1, 79.0, 64.6, 61.9, 59.5, 39.4 (10 mL), and pivalaldehyde (0.38 g, 4.43 mmol) in THF (4 mL) were used. After work up and evaporation of solvent the crude product (1.4 g) were dissolved in ethanol (10 mL) and cooled to 0 °C before NaBH 4 (0.08 g, 2.2 mmol) was added in one portion. The mixture was stirred at rt for another 15 min. Most of the ethanol was evaporated and the residue was taken up into 0.1 M HCl (10 ml). Water (10 mL) was added and the reaction mixture was extracted with CH 2 Cl 2 (3 x 20 mL). 8, 98.6, 88.3, 78.8, 64.6, 64.5, 62.0, 59.5, 37.3, 31.7, 31.6, 28.8, 24.8, 22.5, 22.3, 15.1, 15.0, 13.8 EtMgBr (1.5 mL, 3.0 M, 4.43 mmol), TEB (1.02 g, 4.43 mmol) in THF (10 mL), and benzaldehyde (0.47 g, 4.43 mmol) in THF (4 mL) were used. After work up and evaporation of solvent the crude product (1.54 g) were dissolved in ethanol (10 mL) and cooled to 0 °C before NaBH 4 (0.08 g, 2.2 mmol) was added in one portion. The mixture was stirred at rt for another 15 min. Most of the ethanol was evaporated and the residue was taken up into 0.1 M HCl (10 ml). Water (10 mL) was added and the reaction mixture was extracted with CH 2 Cl 2 (3 x 20 mL). Hydrogenation of 2. General procedures Method 1. Propargylic alcohol (2) (2.00 mmol) was added to a suspension of Lindlar's catalyst (0.08 g) and potassium carbonate (0.08 g) in ethyl acetate (10 mL) which was stirred at room temperature under a hydrogen atmosphere for a variable length of time. H 2 was led into the reaction flask through a glass inlet tube which was kept with the mouth well above the suspension. When the reaction was finished, as evidenced by TLC, the reaction mixture was filtered through a Celite plug, and the solvent was subsequently removed under vacuum without heating on a rotary evaporator. The residue contained the product which was analyzed and further was worked up as required and detailed below. Method 2. The propargylic alcohol (4.0-6.0 mmol) was added to a suspension of Lindlar's catalyst (0.04 g) and potassium carbonate (0.02 g) in ethyl acetate (20 mL), which was stirred with a magnetic bar at room temperature. H 2 was lead into the reaction flask through a glass inlet tube which was kept with the mouth in the middle of the suspension, slightly above the stirring bar. The reaction was followed by TLC and stopped when all the starting material was consumed. The reaction mixture was filtered through a Celite plug, and the solvent was subsequently removed under vacuum, leaving a residue from which the products were isolated by flash chromatography on silica gel using hexane/ethyl acetate 80:20 as mobile phase. 128.4, 103.6, 102.6, 66.3, 65.2, 65.0, 56.7, 56.5, 36.5, 31.7, 29.4, 25.4, 22.5, 15.3, 15.2, 15.0, 13.9 Z)-3g) . Method 1. 5,5,6,6-Tetraethoxy-2-methylhex-3-yn-2-ol (2g) (0.58 g) was used, reacted for 48 h, and gave (Z)-3g (0.58 g, 99%) without further purification. Method 2. 5,5,6,6-Tetraethoxy-2-methylhex-3-yn-2-ol (2g) (1.15 g) was used, reacted for 16 h, and gave (Z)-3g ( 8, 102.2, 74.8, 64.9, 57.4, 33.9, 15.1, 14.9, 8.1; MS (EI) : m/z 244 (2), 243 (12), 232 (10), 228 (30), 227 (60), 216 (55), 215 (78), 199 (20), 198 (55), 197 (20) , 186 (25) 3, 125.3, 103.6, 102.3, 70.0, 69.4, 64.9, 57.3, 38.8, 25.5, 22.1, 15.1, 22.1, 15.1, 15 1-((Z)-3,3,4,4-Tetraethoxybut-1-enyl)cyclopentanol ((Z)-3j) . Method 2. [1] [2] [3] 3, 4, cyclopentanol (2j) (1.26) 9, 103.6, 98.4, 81.1, 80.5, 64.7, 59.4, 52.1, 20.4, 15.0; MS (EI) : m/z 260 (8), 259 (30), 258 (80), 257 (85), 229 (40), 212 (45), 200 (55), 199 (65), 187 (35), 172 (85), 171 (20), 170 (35), 169 (75), 155 (85), 143 (15), 142 (48), 141 (65), 140 (80), 129 (55), 126 (70), 125 (40), 124 (35), 114 (45), 112 (80), 111 (75), 104.1 (70), 97 (80), 85 (70), 84 (100), 83 (80), 76 (70) ] 257.1389, found 257.1384. 5,5-Diethoxy-4-oxopent-2-ynyl acetate (6). 4,4,5,5-Tetraethoxypent-2-ynyl acetate (4) (1.02 g, 3.4 mmol) was added to a stirred mixture of pentane (25 mL), water (0.5 mL), and 80% aqueous formic acid (1.0 mL). The resulting mixture was stirred and refluxed for 3 h and was then allowed to cool to rt. Additional water (10 mL) was added and the mixture was extracted with dichloromethane (3 x 15 mL). The combined organic phases were dried (MgSO 4 ), filtered, and concentrated under vacuum on a rotary evaporator. The residue was 6 (0.76 g, 99%) which was obtained pure without further purification. ] 183.0660, found 183.0657. 5,5-Diethoxy-4-hydroxypent-2-ynyl acetate (7). 5,5-Diethoxy-4-oxopent-2-ynyl acetate (6) (90 mg, 0.040 mmol) was dissolved in a mixture of THF (6 mL) and water (0.2 mL). The reaction mixture was cooled to 0 o C and NaBH 4 (0.008 g, 0.020 mmol) was added in one portion. The reaction was followed by TLC and after 15 min all the starting material was consumed. Only one product was observed, which had an R f value of 0.12 with 70:30 hexane-ethyl acetate. H 2 O (10 mL) was added and the reaction mixture stirred at rt for another 30 min. The reaction mixture was extracted with diethyl ether (3 x 10 mL), the ether extracts were combined, dried over ] 141.0552, found 141.0542. 5,5-Diethoxypent-2-yne-1,4-diol (9). 1,1-Diethoxy-5-hydroxypent-3-yn-2-one (8) (4.16 g, 22.3 mmol) was dissolved in a solution of THF (180 mL) and water (20 mL). The reaction mixture was cooled to 0 °C and NaBH 4 (0.42 g, 11.2 mmol, 0.5 eq) was added in one portion. The reaction was followed by TLC and after 15 min at 0 °C all the starting substance was consumed.
Most of the solvent was evaporated and the residue was taken up into water (50 mL) and extracted with dichloromethane (3 x 50 mL). The combined extracted were combined, dried over MgSO 4 and concentrated under vacuum. Diol 9 (3.57 g, 85 %) was isolated as a yellowish oil by flash chromatography with 70:30 hexane-ethyl acetate as the mobile phase. 1, 127.8, 104.4, 71.2, 68.6, 63.8, 60.8, 20.7, 15 ] 129.0916, found 129.0914. Reduction of 9. Formation of (Z)-5,5-diethoxypent-2-ene-1,4-diol (11). Diol 9 (0.50 g, 2.7 mmol) was added to a stirred mixture of Lindlar's catalyst (0.10 g) and potassium carbonate (0.10 g) in ethyl acetate (10 mL) and kept stirring under a hydrogen atmosphere for 50 min. The product mixture was filtered through a Celite plug, and the solvent was removed in vacuo on a rotary evaporator, which left 11 (0.50 g, 99%) as a yellowish oil. 129.4, 104.2, 68.2, 64.3, 63.3, 58.2, 15.0, 14.9; MS (EI) : m/z 145 (8), 143 (8), 129 (8), 128 (15), 127 (85), 126 (10) 5, 146.5, 122.0, 102.2, 63.7, 63.1, 20.7, 15.0 
IR (film)
:
Hydrogenation of mixtures of derivatives of 2a
Reduction of a 1:1 mixture of 2a and 4. 4, 4, 5, 0.50 mmol) and 4,4,5,5-tetraethoxypent-2-ynyl acetate (4) (0.151 g, 0.50 mmol) were dissolved in ethyl acetate (2 mL), to which were added Lindlar catalysts (0.005 g) and K 2 CO 3 (0.0003 g). Hydrogen was bubbled through the reaction mixture and the reaction was monitored by TLC. After 5 hours all the acetate (4) was consumed and the reaction was stopped. The Lindlar catalysts and K 2 CO 3 were then filtered from the reaction mixture and ethyl acetate was evaporated. NMR-analysis of the crude mixture showed that it contained a 1:4:5 mixture of (Z)- Reduction of a 1:1 mixture of 7 and 9. Acetate 7 (0.115 g, 0.50 mmol) and diol 9 (0.094 g, 0.50 mmol) were dissolved in ethyl acetate (2 mL) mixed with Lindlar catalysts (0.005 g) and K 2 CO 3 (0.0003 g). H 2 gas was bubbled through the reaction mixture while the reaction was followed by TLC. After 30 min all the acetate was consumed, and the reaction was then stopped. The catalysts and K 2 CO 3 were filtered from the reaction mixture and ethyl acetate was evaporated. NMR analysis of the crude mixture showed that it contained the corresponding allylic alcohols, (Z)-5,5-diethoxy-4-hydroxypent-2-enyl acetate (10) and (Z) -5,5-diethoxypent-2-ene-1,4-diol (11) , in at ratio 2:1. The product mixture was subjected to flash chromatography (90:10; hexane-ethyl acetate) giving 0.107 g (92%) of pure 10 as a clear liquid and 0.044 g (46%) of pure 11 as a yellowish oil.
Reduction of a 1:1 mixture of 4 and 6. Ketal 4 (0.151 g, 0.5 mmol) and ketone 6 (0.114 g, 0.5 mmol) were dissolved in ethyl acetate (2 mL) together with Lindlar catalysts (0.005 g) and K 2 CO 3 (0.0003 g). H 2 -gass was bubbled through the reaction mixture for 30 min. The reaction was monitored by TLC and stopped when all of the more reactive alkyne, conjugated ynone 6, had been consumed. The Lindlar catalysts and K 2 CO 3 were then filtered from the reaction mixture and ethyl acetate was evaporated on a rotary evaporator. NMR analysis of the crude mixture showed that it contained the hydrogenated products (Z)-5 and 12 in a 1:8 ratio. The product mixture was subjected to flash chromatography (90:10; hexane-ethyl acetate) and pure 12 (0.103 g, 91%) as a clear liquid and (Z)-5 (0.020 g, 12%) as a clear liquid were obtained.
Reduction of propargylic alcohols (2) to (E)-allylic alcohols ((E)-3). General procedure
The propargylic alcohol was added dropwise to a mixture of lithium aluminium hydride (LAH) (1.5 equiv.) (E)-1,1,2,2-Tetraethoxyundec-3-en-5-ol ((E)-3e) . Alcohol 2e (0.60 g, 1.7 mmol) and LAH (0.10 g, 2. 6, 125.7, 102.4, 101.8, 65.2, 65.0, 64.1, 55.8, 55.6, 35.7, 30.8, 28.4, 25.0, 22.1, 15.0, 14.9, 13.8 136.5, 128.1, 127.2, 127.1, 126.3, 103.4, 100.3, 74.2, 64.5, 64.4, 56.5, 56.4, 15.2, 15.1; MS (EI) : m/z 247 (12), 236 (30), 218 (10), 189 (20), 173 (8), 162 (15), 132 (15), 115 (30), 103 (190) 2, 123.8, 104.3, 102. 3, 72.9, 62.7, 56.4, 33.0, 15.1, 14.9, 8.3 
Reduction of propargylic alcohols (2) to homoallylic alcohols (13). General procedure
The propargylic alcohol was added dropwise to a mixture of LAH (3.0 equiv.) in dry, refluxing (35 o C) diethyl ether. The reaction mixture was left stirring at reflux until the reaction was complete (20 min) . Most of the solvent was evaporated on a rotary evaporator and the residue was mixed with water (30 mL), and then extracted with dichloromethane (3 x 30 mL). The combined organic phases were dried (MgSO 4 ), filtered, and concentrated in vacuo on a rotary evaporator. The crude product was purified by flash chromatography (80:20, hexane-ethyl acetate). TLC analyses indicated that the products were pure, but the 1 H-and 13 C-NMR spectra showed that the compounds contained one or several minor contaminants. 5, 99.3, 97.2, 62.5, 62.3, 62.2, 28.2, 14.8, 14.2; MS (EI) 6, 99.4, 97.0, 67.4, 62.4, 62.3, 62.2, 34.4, 22.5, 14.7, 14 1, 99.7, 97.1, 71.5, 62.8, 62.6, 62.5, 37.0, 31.8, 29.3, 25.7, 22.5, 22.4, 15.0, 14.9, 14.4, 14.0 5, 128.0, 127.2, 125.6, 96.9, 95.4, 74.3, 62.6, 62.1, 57.8, 31.3, 18.0 1, 94.1, 92.8, 70.9, 64.2, 62.4, 62.1, 35.1, 29.2, 15.0, 14.8, 14.7; MS (EI) 
Supplementary information available
The 1 H-NMR and 13 C-NMR spectra of all new compounds are compiled as supplementary material and are available from the authors on request.
